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Introduction

Investigation of the fast neutron induced (n,p) reaction cross section
is of interest to studies of reaction mechanisms and nuclear structure.
On the other hand, the (n,p) reaction is important in reactor design
technology, in particular for estimations of nuclear heating, radiation
damage and induced activity in structural materials. Because of these,
it would be very useful to derive some empirical law governing (n,p)
cross section variation. Several formulae have been suggested to describe
the dependence of the (n,p) reaction cross section upon the asymmetry
parameter (N-Z)/A of neutron and proton numbers in the target nucleus
around the neutron energy of 14.5 MeV [1-4]. Recently, we observed a
similar dependence for the (n,p) cross section, averaged over the fission
spectrum of 25U, using thermal neutrons [5].

In this paper we report on the attempt to make a systematic analysis
for the known (n,p) cross sections in a wider energy range, namely, at
energies of 6, 8, 10, 14.5 and 16 MeV.

Formulae and Data Analysis

The (n,p) reaction cross section at the neutron energy around 14.5
MeV is satisfactorily described by the formula referred in literature as
the isotopic effect:

oup = Crr(1 + Adexp K =2, W
where ry = 1.4-10713 ¢m; A, N, and Z are the mass number, number
of neutrons, and charge of the target nucleus, respectively; C apd K
are the fitting parameters. Analysis based on the experimental results
at 14.5 MeV published up to 1972 showed that Cx0.73 and K=~33 [1].
Furthermore, it was found that the parameter C~0.73 is approximately
the ratio of the (n,p) cross section to the sum of the (n,p) and (n,a)
cross sections.

Now, we shall use a formula of type (1) to describe the (n,p) cross
section for the energy range of 6 to 16 MeV. At energies below 10 MeV
the approximation C=1 can be used, as in the case of the thermal fission
spectrum of 235U [5], because for energies E, <10 MeV, the (n,a) cross
section is, as a rule, too small in comparison with (n,p) cross section and
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can be neglected. Then, formula (1) can be rewritten in the form:

onp = Trg(1+ As)? exp[i(—(—‘]}:—zl].

(2)
Thus, using formula (2) for energies E. <10 MeV we must obtain only
the fitting parameter K.

Figs. 1, 2 and 3 show experimental values of (n,p) cross sections taken
from compilation [6] and the line fitted by expression (2) at energies of 6,
8 and 10 MeV, respectively. Plus and minus symbols denote the positive

and negative Q-values, respectively. Corresponding values of the fitting
parameter K are also given in these figures.
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Figure 1. The dependence of reduced (n,p) cross sections on the

asymmetry parameter (N-Z)/A of neutron and proton numbers in the
target nucleus at E,=6 MeV.
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Figure 2. The same as in Fig.1 at E,=8 MeV.
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Figure 3. The same as in Fig.1 at E,=10 MeV.

Regarding the cnergies of 14.5 and 16 MeV, we used formula (1)
because the (n,a) cross section in these cases is not small enough in
comparison with (n,p) cross section to be ignored and should be taken
into account in our calculations. Figs. 4 and 5 show experimental data
of (n,p) cross sections taken from ref. [6] and the line fitted by formula
(1) at the energics of 14.5 and 16 MeV, respectively. In these figures,
the corresponding values of the fitting coefficients C and K are given.

1

S g £,=14.5 MeV
+
=
NLD 10'1
[~
\
b?

10 °* C=0.44

K=29.5 ®o
10506008 oo s 070 0.25
(N~-Z)/A

Figure 4. The same as in Fig.1 at E,=14.5 MeV.
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Figure 5. The same as in Fig.1 at En=16 MeV.

Figs. 1-5 demonstrate that formulae of type (1) satisfactorily de-
scribe the dependence of known experimental (n,p) cross sections on the
asymmetry parameter (N-Z)/A of the neutron and proton numbers in
the target nucleus for the wide energy range of 6 to 16 MeV. For such
a systematic analysis, perhaps some correction should be made to the
Q-value of the (n,p) reaction, in particular, for E, <10 MeV. In these
cases the Q-value is frequently not small enough in comparison with the
neutron energy to be ignored. Further it is necessary to study such be-
havior of the (n,p) cross sections from the view-point of nuclear reaction
mechanisms and nuclear structure theory.
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nyxshxyy T. u np. E3-93-466
CucTeMaTHYECKMIT AHAIM3 CEYCHMIT peaxuuu (n, p),
BBEI3HBAEMOH OLICTPHMH HEHTPOHAMHE

IIpoBenen cucreMaTHUECKMIt aHATNS CYIMIECTBYIOMMX SKCIIEPUMEHTATBHBIX
CEYEHU PeakUuH (1, p), BH3HBAEMOI OBICTPHIMH HEHTPOHAMM, [T IIHPOKOTO
kpyra suep. IoayueHa 3aBHCHMOCTD CeueHHil peakuum (n, p) or mapamerpa
4CMMMETPHH TPOTOH-HEHTPOHHOIO YKCJIA SI/IPA-MAIIICHH (N — Z)/ A nipu 3mep-
rusx HEMTpoHOB 6, 8, 10, 14,5 n 16 M3B.

Pa6ota Brnonsena B JlaGoparopuu HeliTPOHHOIH usuku um. U.M.Dpanxa
OUdHN.
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Systematical Analysis of the Fast Neutron Induced
(n, p) Reaction Cross Sections

Systematic analysis of known experimental cross sections of the (n, p)
reaction induced by fast neutrons was carried out for a wide range of nuclei. The
dependence of the (n,p) cross sections on the asymmetry parameter
(N = Z)/ A of proton and neutron numbers in the target nucleus was obtained
for neutron energies of 6, 8, 10, 14.5 and 16 MeV.

The investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR.
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